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(54) A time-division radio that induces reduced baseband interference 



(57) A method and apparatus is disclosed for reduc- 
ing the electromagnetic interference that results from 
TDMA and TDD radios, i.e., radios which radiate an RF 
signal with a time-varying power envelope. A radio com- 
prising an embodiment of the present invention radiates, 
in transmit mode, an information-bearing signal at an av- 



erage RF power in a transmit-mode channel but radi- 
ates, in idle mode, a signal at the same average RF pow- 
er but in an idle-mode channel. In essence, the radio 
transmits during its idle mode at the same average pow- 
er level as during transmit mode but in a different fre- 
quency channel, one that is dedicated to that purpose. 
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Description 

Field of the Invention 

The present invention relates to radios in general 
and, more particularly, to time division radios and meth- 
ods that induce reduced baseband interference. 



Background of the Invention 

Radios that employ time-division technology are 
suspected of inducing baseband interference in some 
electrical devices. Time-division multiple access ("TD- 
MA"), time-division duplexing ("TDD"), and hybrid time- 
division multiple access/time-division duplexing ("TD- 
MA/TDD n ) are typical of such time-division systems. As 
used in this specification, "time division technology" 
does not include time-division multiplexing ("TDM"). 

There are several national and international stand- 
ards that TDMA and they include: Global Systems for 
Mobile Communication ("GSM"), the Telecommunica- 
tions Industry Association Interim Standard No. 54 ("IS- 
54"), and Japanese Digital Cellular (\JDC°). One stand- 
ard that prescribes TDD is "CT-2." Two standards that 
prescribe TDMA/TDD include Personal Handy Phone 
and Digital European Cordless Telephone. 

IS-54 prescribes the operation of a typical TDMA 
system. According to IS-54, three radios, each in a dif- 
ferent wireless terminal, time-share a frequency-delim- 
ited channel for transmitting signals to a base station. 
For the purposes of this specification, that channel is 
called the "transmit -mode channel." 

Each TDMA radio cycles between "transmit mode" 
and "idle mode." During a transmit mode, a TDMA radio 
modulates a carrier with an information-bearing signal 
and transmits the modulated carrier to a base station in 
the transmit-mode channel. During an idle mode, a TD- 
MA radio does not transmit anything so as to (1 ) prevent 
an idle radio from interfering with the appropriately radi- 
ating radio (i. e. , to preclude a cacophony in the transmit- 
mode channel) and (2) conserve battery power. 

Figs. 1 a and 1 b illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
of the first of three IS-54 compliant radios, in different 
wireless terminals, that time-share a single transmit- 
mode channel, designated ^ The transmit modes of the 
first radio occur during the time intervals t 3n+1 to t 3n+2 
(where n is an integer), which coincide with the idle 
modes of the second and third radios. The idle modes 
of the first radio occur during the time intervals t 3n+2 to 
hn+4- Although not shown in Figs. 1a and 1b, the trans- 
mit modes of the second radio occur during the time in- 
tervals f 3n to t 3n+1 , which coincide with the idle modes 
of the first radio and third radio. Similarly, the transmit 
modes of the third radio occur during the time intervals 
hn+2 {0 hn+a which coincide with the idle modes of the 
first radio and second radio. 

The rate at which a time-division radio cycles be- 



tween transmit mode and idle mode is referred to as the 
"frame rate." This cycling causes the average RF power 
envelope radiated by the radio to vary with time. Specif- 
ically, as illustrated in Fig. 1b, an IS-54 compliant radio 
5 generates an average RF power envelope with a funda- 
mental frequency component that is equal to the frame 
rate. 

Figs. 2a and 2b illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
io for a typical GSM compliant radio, as contained in a typ- 
ical wireless terminal in the prior art. 

According to the GSM standard, a plurality of time- 
division radios, in different wireless terminals, time- 
share and frequency-hop among a plurality of transmit- 
'5 mode channels, as illustrated in Fig. 2a. Therefore, it is 
likely that a single GSM compliant radio will transmit in 
several frequency-delimited transmit-mode channels 
during the course of a single call. Like other time-division 
radios in the prior art, a typical GSM compliant radio 
*o ceases to radiate during idle mode. Thus, a GSM com- 
pliant radio also generates a time varying average RF 
power envelope that has a fundamental frequency com- 
ponent that is equal to the frame rate. 

The operation of a TDD system is similar, although 
25 not identical, to a TDMA system. In a TDD system, two 
radios time-share a frequency-delimited channel for 
communication with the other. Each TDD radio periodi- 
cally cycles between transmit mode and idle mode, and 
like the TDMA radio, during transmit mode modulates a 
30 carrier with an information-bearing signal and transmits 
the modulated carrier in the transmit-mode channel. For 
the same reasons as a TDMA radio, during idle mode a 
TDD radio does not transmit anything. And also like a 
TDMA radio, a TDD radio generates an average RF 
35 power envelope with a fundamental frequency compo- 
nent that is equal to the frame rate. 

The operation of a TDMA/TDD radio is a hybrid of 
both TDMA and TDD systems and, too, generates an 
average RF power envelope with a fundamental fre- 
40 quency component that is equal to the frame rate. 

Summary of the Invention 

Embodiments of the present invention can induce 
4 5 less baseband interference in sensitive electronics than 
TDMA radios in the prior art. An illustrative embodiment 
of the present invention comprises a TDMA radio that 
transmits continuously during both transmit mode and 
idle mode. During transmit mode, the TDMA radio trans- 
50 mits a signal in one or more transmit-mode channels, 
and during idle mode, the TDMA radio transmits a sig- 
nal, at the same average RF power as during the trans- 
mit mode, but in one or more idle-mode channels that 
are designated for that purpose. By transmitting the sig- 
55 nal in the idle-mode channel, the TDMA radio abates 
the energy in a fundamental frequency and low frequen- 
cy harmonics of the average RF power envelope of the 
radio and reduces the risk of interfering with sensative 
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electronics. 

Brief Description of the Drawing 

For a more complete understanding of the present 
invention, reference is now made to the accompanying 
drawings in which like numbers indicate like features 
and wherein: 

Figs. 1a and 1b are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a function of time) of an IS-54 compliant 
TDMA radio; 

Figs. 2a and 2b are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a function of time) of a GSM compliant 
radio; 

Figs. 3a and 3b are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a function of time) for an embodiment of 
the present invention that is IS-54 compliant; 
Figs. 4a and 4b are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a function of time) for an embodiment of 
the present invention that is GSM compliant; 
Fig. 5 is a block diagram of an illustrative embodi- 
ment of the present invention; 
Fig. 6 is a block diagram of a carrier frequency gen- 
erator for use in the radio of Fig. 5, according to the 
teachings of the present invention; 
Fig. 7 is a block diagram of another carrier frequen- 
cy generator for use in the radio of Fig. 5, according 
to the teachings of the present invention; and 
Fig. 8 is a flow chart of the operation of a typical 
embodiment of the present invention. 

Detailed Description 

An RF signal with a time-varying average power en- 
velope can induce baseband interference in a device 
that is characterized by a nonlinear response to radio 
waves. The operative mechanism could be, but is not 
necessarily, a second-order non-linearity in the device, 
which produces an effect similar to that of a square-law 
envelope detector. Figures 1a, 1b, 2a and 2b show that 
IS-54 and GSM compliant radios each produce an av- 
erage RF power envelope with a fundamental frequency 
component that is in the audio-band. Therefore, these 
radios might be responsible for interference with some 
electronics devices, such as hearing aids. 

Figs. 3a and 3b illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
for an illustrative embodiment of the present invention 
that is IS-54 compliant. In this embodiment, the TDMA 
radio transmits an information-bearing signal during 
transmit mode (e.g., during the time interval from t 3n+1 
to t 3n+2 , where n is an integer), with a carrier frequency, 
f cV in the transmit-mode channel. During idle mode (e. 



g., during the time interval t^^lo t 3n ^ t the TDMA radio 
continues to transmit, but with a different carrier fre- 
quency,/^ in a different frequency-delimited channel. 
For the purposes of this specification, the channel 

5 containing carrier frequency is referred to as the 
"idle-mode channel." It is inconsequential whether there 
is any information content to the signal transmitted in 
the idle-mode channel. For example, the TDMA radio 
can transmit in the idle-mode channel the information- 

io bearing signal that was transmitted during the previous 
transmit mode. Alternatively, the TDMA radio could 
transmit an unmodulated carrier. As shown in Fig. 3b, 
the average RF power envelope for this embodiment 
does not exhibit the periodicity of a TDMA radio in the 

15 prior art, and, therefore, should not produce an average 
RF power envelope with a fundamental frequency com- 
ponent with significant energy. 

A plurality of TDMA radios can radiate into the idle- 
mode channel at the same time, which reduces the 

20 amount of spectrum that needs to be assigned to need- 
ed to carry idle mode transmissions. For example, all a 
wireless service provider need do is assign one channel 
across the entire system to function as the idle-mode 
channel. Thereafter, the wireless service provider can 

25 program or remotely indicate to the TDMA wireless ter- 
minals in its system into which channel they should 
broadcast during their respective idle modes. Advanta- 
geously, a TDMA radio that embodies the present inven- 
tion does not require any modification to the air interface 

30 of the current TDMA standards. 

Figs. 4a and 4b similarly depict the frequency and 
average RF power envelope for a GSM compliant radio 
comprising another embodiment of the present inven- 
tion. Although a GSM compliant radio frequency hops, 

35 in contrast to an IS-54 compliant radio, it will be clear 
from the present disclosure to those skilled in the art 
how to make and use a GSM compliant radio that em- 
bodies the present invention. 

Fig. 5 depicts a block diagram of an illustrative em- 

40 bodiment of the present invention as presented in the - 
context of a TDMA communications system. As de- 
scribed above, TDMA radio 100 shares a frequency 
channel, the "transmit-mode channel," with two or more 
other radios (not shown). Each radio has (1 ) a transmit 

45 mode, when an information-bearing signal is radiated in 
the transmit-mode channel, and (2) an idle mode, when 
nothing is radiated in the transmit-mode channei, but 
something is radiated in the idle-mode channel. By 
maintaining a constant average RF power level during 

50 both the transmit and idle modes, the effects of base- 
band interference can be greatly diminished. 

An information-bearing signal that is to be transmit- 
ted to a recipient (e.g., voice, data, etc.) is advanta- 
geously fed into amplifier 101. The gain of amplifier 1 01 

55 js advantageously controlled by automatic gain control 
103. From amplifier 101, the information-bearing signal 
passes to modulator 105 where it modulates a carrier 
received from carrier frequency generator 107. Carrier 
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frequency generator 107 generates a carrier based on 
a transmit/idle signal. It will be clear to those skilled in 
the art how to make and use amplifier 101, automatic 
gain control 103, and modulator 105. 

The modulated signal output from modulator 1 05 is s 
fed into amplifier 1 09 and to antenna 1 1 1 . Tap 1 1 3 sam- 
ples the signal fed to antenna 1 1 1 and feeds the samples 
to envelope detector 115. Envelope detector 115 feeds 
a signal to automatic gain control 103 that is represent- 
ative of the average RF power of the radiated signal. It io 
will be clear to those skilled in the art how to make and 
use tap 113 and envelope detector 115. It should be re- 
membered that the purpose of amplifier 101, tap 113, 
envelope detector 115 and automatic gain control 103 
is to assure that the illustrative embodiment always ra- is 
diates at substantially close to the same average RF 
power whether the embodiment is in transmit mode or 
idle mode. 

Fig. 6 depicts a block diagram of an embodiment of 
carrier frequency generator 1 07a for use with TDMA ra- 20 
dio 100 of Fig. 5. Controller 117 receives a signal that 
indicates whether TDMA radio 100 is in transmit or idle 
mode. When TDMA radio 100 is in transmit mode, con- 
troller 1 1 7 directs programmable synthesizer 1 1 9 to syn- 
thesize a carrier in the transmit-mode channel assigned 25 
to TDMA radio 100. When, however, TDMA radio 100 
is in idle mode, controller 117 directs programmable 
synthesizer 1 1 9 to synthesize a carrier with a frequency 
corresponding to the idle-mode channel. Oscillator 121 
provides a reference signal to programmable synthesiz- 30 
er 119. It will be clear to those skilled in the art how to 
make and use controller 1 1 7 and oscillator 1 21 . 

Fig. 7 depicts a block diagram of another embodi- 
ment of a carrier frequency generator 107b for use with 
TDMA radio 100. Switch 1 23 receives three signals: (1 ) 35 
a control signal that indicates whether TDMA radio 100 
is in transmit mode or idle mode, (2) the synthesized 
carrier in the transmit-mode channel assigned to TDMA 
radio 100 (from synthesizer 125 and oscillator 127), and 
(3) a carrier for the idle-mode channel from oscillator 40 
129. When TDMA radio 100 is in transmit mode, switch 
123 directs the carrier from programmable synthesizer 
125 to modulator 105. When TDMA radio 100 is in idle 
mode, switch 123 directs the carrier from oscillator 129 
to modulator 105. The illustrative embodiment in Fig. 7 45 
is advantageous in that synthesizer 125 need not be 
programmable and oscillator 129 can be relatively less 
precise, and hence relatively less expensive, than os- 
cillator 127. It will be clear to those skilled in the art how 
to make and use this embodiment of carrier frequency so 
generator 107b. 

The operation of the illustrative embodiments in 
Figs. 5 through 7 can be depicted by the flowchart in 
Fig. 8. The method begins at block 300. At block 301 , a 
decision is made whether the TDMA radio is in transmit ss 
or idle mode. When the radio is in transmit mode, the 
method proceeds to block 303 and radiates an informa- 
tion-bearing signal in the transmit-mode channel, which 



is time-shared with other TDMA radios. At block 305, 
the average RF power of the transmitted information- 
bearing signal transmitted is monitored. Control then re- 
turns to block 301 . 

At block 301 , when the TDMA radio is in idle mode, 
the method proceeds to block 307. At block 307, the TD- 
MA radio transmits a signal in the idle-mode channel. At 
block 309, the method adjusts the average RF power of 
the signal radiated in the idle-mode channel to be sub- 
stantially close to the average RF power of the radiated 
information-bearing signal. 

Although embodiments of the present invention 
have been described in detail, it is understood that var- 
ious changes, alterations and substitutions can be made 
hereto without departing from the spirit and scope of the 
present invention as defined by the appended claims. 
For example, embodiments of the present invention can 
be used with TDMA systems wherein more than three 
users share the same transmit channel. Additionally, the 
teachings of the present invention are applicable to a 
TDMA system that uses frequency hopping (e.g., a 
GSM compliant wireless terminal). Furthermore, it will 
be clear to those skilled in the art how embodiments of 
the present invention can be made and used that use 
more than one transmit-mode channel and/or more than 
one idle-mode channel. And furthermore, the described 
embodiments may be incorporated into a wireless ter- 
minal with one or more other radios, which may be 
known as "dual-mode" or "tri-mode" wireless terminals. 



Claims 

1 . A time division multiple access radio comprising: 

a carrier frequency generator; and 

a modulator responsive to said carrier frequen- 
cy generator that modulates a first carrier signal 
with a first signal during a transmit mode and 
that modulates a second carrier signal with a 
second signal during an idle mode, said second 
carrier signal being different than said first car- 
rier signal. 

2. The radio of claim 1 , wherein said second signal is 
the same as said first signal. 

3. The radio of claim 1 , wherein said carrier frequency 
generator comprises: 

a first oscillator; 

a synthesizer responsive to said oscillator that 
produces the first carrier signal; 

a second oscillator that produces the second 
carrier signal; 
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a switch that receives said first and second car- 
rier signals, that directs said first carrier signal 
to said modulator when said radio is in said 
transmit mode, and that directs said second 
carrier signal to said modulator when said radio s 
is in said idle mode. 

4. The radio of claim 3, wherein said radio radiates at 
a substantially constant average RF power. 

10 

5. The radio of claim 3, and further including a feed- 
back circuit coupled to control the radio to maintain 
a substantially constant average RF power. 

6. The radio of claim 1 , wherein said carrier frequency 
generator comprises: 

an oscillator that provides a reference signal; 

a programmable synthesizer responsive to said 20 
oscillator that generates first and second carri- 
er signals for said modulator; and 

a controller coupled to said programmable syn- 
thesizer that directs said programmable syn- 25 
thesizer to produce said second carrier signal 
when said radio is in said idle mode. 

7. The radio of claim 6, wherein said radio radiates at 

a substantially constant average RF power. 30 

8. The radio of claim 6, and further including a feed- 
back circuit coupled to control the radio to maintain 
a substantially constant average RF power. 

35 
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